Summary One hundred and fifty patients with cutaneous malignant melanoma, in clinical stage I at diagnosis, were studied prospectively to determine the lymph nodal metastatic pattern of the disease, and to find that combination of clinical and pathological variables best predictive of the probability of its occurrence when combined in a linear logistic regression equation based upon a model by Cox. Details of the general pattern of melanoma recurrence are included to provide a necessary background to the nodal metastatic study. Of 66 patients showing melanoma recurrence in 48 (19 males and 29 females) it took the form of lymph nodal metastasis. Of these 50% showed lymph nodal metastasis within 1.1 years of the primary operation and 90% within 3.8 years. Nineteen clinical and pathological variables were tested for association with lymph nodal metastasis, 15 of which showed a significant association and in 7 of these the association was highly significant (P_0.0001). All 19 variables were included in the logistic regression analysis, 6 being selected as providing the best regression 'goodness of fit' and of these 'maximum tumour thickness (Breslow' and 'sex' emerged as the dominant variables. It is concluded that the analysis described provides surgeons, oncologists, and pathologists with a practical method to assess the likelihood in an individual patient of melanoma recurrence to regional lymph nodes. This should enable surgery or other adjunctive therapeutic regimens to be selected at an early stage.
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The importance of lymph nodal metastasis to cutaneous malignant melanoma (MM) patients may be considered from the following viewpoints: (1) the development of disseminated disease; (2) treatment; (3) prognosis and (4) survival. With regard to the first and last of these Weidner et al. (1976) have stated that in terms of prognosis the early spread of tumour into regional lymph nodes is considered the most critical event. This view was supported by Veronesi et al. (1971) who observed that in about 85% of their cases involvement of the regional lymph nodes was an index of the spread of the disease and that metastases beyond the regional nodes had probably occurred but were not detectable. Concerning the second and third of the above points, the provision of an accurate assessment of the probability of nodal recurrence in clinical Stage I patients (tumour still confined to the primary site) shortly following their primary operation would provide the clinician with a means of selecting an optimal therapeutic regimen with the possibility of halting the spread of the disease and inducing cure or a prolonged survival.
Prediction of the probability of lymph nodal metastasis in clinical Stage I MM patients has followed three main lines of study. In the first, selected clinical or pathological variables, either singly or in pairs have been correlated with regional nodal metastasis. For example the work of Clark et al. (1969) showed a high degree of correlation between the level of tumour microinvasion according to anatomical landmarks and the incidence of lymph nodal metastases, and also that of Breslow (1975) who showed that the incidence of lymph nodal metastasis from cutaneous MM in clinical Stage I patients was directly proportional to the maximum tumour thickness. In the second approach, illustrated by the work of Schmoeckel & Braun-Falco (1978) , a prognostic index was developed based upon the maximum tumour thickness multiplied by the number of mitoses per mm2. In the third, mathematical analyses first introduced by Polk & Linn (1971) and later used in one or other of the various forms of multiple regression analysis (multivariate analysis) were used generally with survival as the dependent variable. An exception is seen in the work of Day et al. (1982a, b) who used a Cox proportional hazard analysis to determine that group of clinical and pathological variables best predictive of MM metastasis to bony or visceral sites.
The present study is a logical continuation of that previously reported by Eastwood & Baker (1983) . Its primary aim is to determine by means of a logistic regression analysis, based upon a Cox model, that combination of clinical and pathological variables providing the most reliable estimate of the probability of lymph nodal metastasis occurring in a given patient. A secondary aim is to establish the pattern of tumour recurrence with special reference to regional lymph nodal metastasis in the group of patients studied.
Patients and methods
Clinical and pathological data concerning the 150 patients with cutaneous MM, whose recurrence pattern is described, have already been reported together with the majority of definitions and techniques used (Eastwood & Baker, 1983) . Thus only a few additional definitions, histological techniques, and modifications to analytical techniques related to recurrence of the tumour are included here.
Patients
Sixty-six (44%) of the 150 patients studied by Eastwood & Baker (1983) showed recurrent disease and formed the basis of the present work, particular attention being given to those patients showing regional lymph nodal metastasis.
Definitions
With the exception of the lymph drainage area allocated to the popliteal lymph nodes, the definition of regional or first station nodes followed that given in the 'Manual for Staging of Cancer, 1977' (American Joint Committee for Cancer Staging and End-Results Reporting). Concerning the lymph drainage area of the popliteal nodes we have followed Das Gupta & McNeer (1964) and regarded the inguinal nodes as the first station nodes for the lower limb. Clinical staging of patients was according to the M.D. Anderson Hospital system described by Smith (1976) and others.
The following definitions were not included in Part I of this report: (i) a local recurrence was one occurring within 3cm of the primary lesion; (ii) satellite tumours were intradermal tumour deposits occurring within the same range, the primary tumour still being present; (iii) scar recurrences were tumour deposits occurring along the line of the surgical scar, in the skin graft, or at the graft margins; (iv) intransit deposits were tumour deposits occurring more than 3cm from the primary site in the line of lymphatic drainage; while (v) central deposits were tumour deposits at other sites within the body, for example, liver, lung, brain, bone, or disseminated throughout the body. Details concerning the primary treatment of the patients studied and the method of follow-up are given in Part I (Eastwood & Baker, 1983 Cox's (1970) model was used (the reasons for using this model rather than Cox's later (1972) model are stated in an addendum to Part I of this study: see Eastwood & Baker, 1983 ) the analysis being carried out on the Cyber/720 computer at the University of Bradford using the BMDP PLR program (Engleman, 1979) . Of the two variants of the program MLR and ACE, the later was used as previous work had shown that the MLR variant was very expensive in computer time when the number of terms to be analysed was large (>10). The ACE variant is less reliable than the MLR and uses an asymptotic covariance matrix to estimate the regression. It is, however, considerably faster making the computation of large problems practical.
Results

Tumour recurrence
Sixty-six (44%) of the 150 patients studied showed recurrence of their disease. Details of the sex and Other (e.g. second primary)
Grand total 9 (14) 7 (11) 34 (51) 1 (1) 5 (8) 9 (14) 1 (1) Figure 1 . Relative to the total numbers of each sex at risk a male predominance was present in the 5th, 6th, 7th, and 8th decades, and a female predominance in the 3rd, 4th, and 9th.
When related to the number of patients of each sex at risk nodular malignant melanoma (NMM) was superficial spreading melanoma (SSM) accounted for 280,, of regional lymph nodal metastasis in males compared to 18o" in females. Table II relation to the general pattern of MM recurrence, the sex of the patients, and the interval and range in months from primary tumour directed surgery to first clinical detection of lymph nodal involvement. Regional lymph nodal metastasis was the form of first recurrence most commonly observed and distal nodal metastasis the least common.
In 34 of the 48 patients showing lymph nodal metastasis recurrent MM had not previously been diagnosed. In 3 (9%) the primary tumour had arisen in the head and neck region, in 5 (15%) in the upper extremity, in 7 (20%) in the trunk region, and in 19 (56%) in the lower extremity. In this last group the primary lesion had been situated between the knee and the foot in 17 (15%) of the patients.
The cumulative proportions of patients showing lymph nodal metastasis are shown in Figure 2 . Of all patients developing nodal metastasis 50% did so within 1.1 years of the primary operation and 90% within 3.8 years. The corresponding figures for males were 0.51 years and 1.5 years and for females 2.1 years and >5 years.
Of patients showing lymph nodal metastasis 19 (39%) showed a further recurrence with 11 (23%) showing central MM deposits within a year following lymphadenectomy. The remainder showed other forms of recurrence at intervals of up to nine years following lymphadenectomy and in three patients regional nodal metastasis was followed by further nodal metastasis within 5 years. 0) (Clark) 'H & N-head and neck, UE-upper extremities, T-trunk, LE-lower extremities. (Kendall, 1975) . The multivariate techniques, all of which are multiple regression methods, involve a linear function of the independent or prognostic variables. Details of multiple regression techniques are to be found in the work of Armitage (1977) and illustrations of practical applications in that of Lee (1980) . The advantage of multiple regression analysis lies in the fact that the method can be used not only to identify risk factors but also to predict the probability of occurrence of a selected dependent variable, in the present work that of lymph nodal metastasis within a given period of time following primary operation. This probability can also serve as an index of risk. All 6 predictor variables selected by the model show significant association with lymph nodal metastasis and with 3 (maximum tumour thickness, height above skin surface, and tumour cell mitotic activity) the association was highly significant (P<0.0001) (Table III) . All show a significant association with maximum tumour thickness and there are many significant associations between other pairs within the 6 (see Table II , Eastwood & Baker, 1983) .
The purpose of multiple regression analysis, in this study, is to find that combination of variables best predictive of the desired outcome. Day et al. (1982b) have shown that other combinations of variables may predict the outcome as well or better than the combination selected by the initial Cox regression analysis. This occurs when one or more variables not selected by the primary analysis are correlated with one or more variables selected by that analysis, a situation that occurs in the present study. They refer to this situation as the "alternative model phenomena" and state that it may explain apparent discrepant results obtained by various groups when the Cox proportional hazards analysis is used. Although the earlier Cox model was used in the present study we observed in our earlier work ( Eastwood & Baker, 1983 ) that variants of the BMDP PLR program based upon the 1970 Cox model selected different series of variables as producing the best regression "goodness of fit", a situation that may well have arisen as a result of association between variables in the manner described by Day et al. (1982b) . A knowledge of this possibility is of the greatest importance in seeking an explanation of apparently anomalous results.
The percentage of correct classifications of outcome at various points on the probability scale are shown in Figure 3 . Of interest is the rapid fall in accuracy of prediction at the beginning and end of the scale compared with a level of accuracy of about 85% over its greater part. The cause of this is not known but may be the result of a smaller number of patients showing these low and high probabilities of outcome. A graph of this type has importance in that it gives the probability that a given prediction of outcome concerning an individual patient is a correct prediction. It also has the merit that it shows in a simple form whether or not one regression is providing more accurate predictions than another over the whole of the probability scale. The percentage of accurate predictions given at each point on the probability of outcome scale being the final criterion upon which the value of a given regression model of this type can be judged and compared.
The emergence of maximum tumour thickness as the dominant predictor variable in the six selected to form the regression caused little surprise; a correlation between increasing melanoma thickness and risk of regional nodal metastases having been observed by many workers, (e.g. Breslow, 1975 Breslow, & 1978 Holmes et al., 1976; Balch et al., 1979; and Roses et al., 1982) . The choice of sex as the second partial regression coefficient may reflect the marked difference in incidence and rate of lymph nodal metastasis observed between males and females (Table II, Figure 2 ) with the result that they are forming two significantly different groups in this respect.,This view is supported by Weidner et al. (1976) who found lymph nodal metastasis to be significantly increased in males, a finding in accord with that of the present study. Of the remaining variables selected as partial regression coefficients, tumour cell mitotic activity showed a high degree of association with lymph nodal metastasis (P<0.0001) and also a high degree of association with maximum tumour thickness (Eastwood & Baker, 1983) suggesting a certain degree of interaction between the two. Likewise, height of the tumour above the skin surface showed a high degree of association with both maximum tumour thickness (Eastwood & Baker, 1983) and with lymph nodal metastasis (P <0.0001). The host reaction (cell) strength and tumour cell pleomorphism were both significantly associated with maximum tumour thickness (P <0.05: Eastwood & Baker, 1983) and with lymph nodal metastasis (P <0.05). A feature that emerges from this study is that the primary variables selected as dominant, namely, tumour thickness and to a lesser extent sex of patient, show concordance with other regression analyses using survival for a given period as the dependent variable.
Details regarding the group of patients forming the study (Tables I, II 
